Background: This study adapted the Physical Activity Neighborhood Environment Scale (PANES) to the Nigerian context and assessed the test-retest reliability and construct validity of the Nigerian version (PANES-N). Methods: A multidisciplinary panel of experts adapted the original PANES to reflect the built and social environment of Nigeria. The adapted PANES was subjected to cognitive testing and test retest reliability in a diverse sample of Nigerian adults (N = 132) from different neighborhood types. Intraclass Correlation Coefficients (ICC) was used to assess test-retest reliability, and construct validity was investigated with Analysis of Covariance for differences in environmental attributes between neighborhoods. Results: Four of the 17 items on the original PANES were significantly modified, 3 were removed and 2 new items were incorporated into the final version of adapted PANES-N. Test-retest reliability was substantial to almost perfect (ICC = 0.62-1.00) for all items on the PANES-N, and residents of neighborhoods in the inner city reported higher residential density, land use mix and safety, but lower pedestrian facilities and aesthetics than did residents of government reserved area/new layout neighborhoods. Conclusion: The PANES-N appears promising for assessing environmental perceptions related to physical activity in Nigeria, but further testing is required to assess its applicability across Africa.
The burden of cardiovascular and other chronic diseases has become a public health priority throughout the African Region. 1 Improper dietary habits and reduced physical activity have been linked with the rising prevalence of chronic diseases occurring in the developing countries. 1, 2 Worldwide, environmental and policy interventions are recommended for improving physical activity, 3 because changes in such variables can provide long-term impact on large populations. 4 Research on the association of the built environment with physical activity has therefore increased rapidly in recent years [5] [6] [7] and is now an international priority. 8, 9 This kind of research has potential for strengthening the evidence base and guiding public health policies on chronic disease prevention in Africa. However, the necessity of first identifying reliable and valid measures of theoretically relevant environmental variables before research can progress has been emphasized. 10, 11 Several scales measure perceptions of the built environment for physical activity among adults. 9, [12] [13] [14] [15] The development of these scales was based on the contextual framework of ecological models, but many of these measures are lengthy and have not been assessed internationally. The importance of selecting an appropriate environmental measure that is as short as possible and yet measures what is needed has been advocated. 9 Response rates may be negatively affected by long questionnaires. 16, 17 In 2002, the International Physical Activity Prevalence Study (IPS) group using the theoretical framework of ecological models developed a short survey called Physical Activity Neighborhood Environment Scale (PANES), primarily for the assessment of built and social environmental factors relevant to walking and bicycling in the neighborhoods. The PANES consists of 17 items that reflect current thinking about environmental correlates of physical activity likely to be relevant internationally. 18 PANES items were taken or adapted from longer neighborhood environment measures, 14, 19 with the intention of using single-items on PANES to substitute for multi-item scales on the original measures. The strengths of PANES are its brevity and the inclusion of variables that have been shown to be associated with physical activity in both developed and developing countries. 8, 20, 21 Official Journal of ISPAH www.JPAH-Journal. com 
ORIGINAL RESEARCH
Three studies have supported the test-retest reliability of the PANES. [22] [23] [24] One of these studies demonstrated the feasibility of using the scale in Africa, but the study was limited to university students with higher socioeconomic status and younger age than the general African population. 23 Most of the environmental variables assessed with PANES in the African study were associated in the unexpected direction with physical activity outcomes and the findings were largely inconsistent with the overall pattern of results from international studies. 25 Because of cultural differences between Africans and residents of other continents, it is likely that the PANES may not adequately assess and capture relevant African environment attributes. Some of the concepts of PANES may also not be meaningful in the African context, which could partly explain why discrepant associations were observed between PANES items and physical activity outcomes in the recent African study. 25 A better understanding of environmental variables associated with physical activity is critical to designing relevant policies and effective interventions for chronic disease prevention in Africa. However, accurate analysis of environment-physical activity relationships in Africa requires the use of reliable and culturally sensitive measures of the attributes of the built and social environment. To support development of evidence based environmental interventions in the African region, it is necessary as a first step to adapt and tailor environmental measures to the African context. Hence, the aim of this study was to describe the adaptation process of PANES to the Nigerian context and to assess the test-retest reliability and construct validity of the Nigerian version.
Methods

Setting
Maiduguri is the largest and the capital city in Borno State. This state located in North-Eastern Nigeria has an estimated population of 4,151,193 people consisting of Kanuri, Shuwa Arabs, Hausa, Fulfude, and other ethnic groups. 26 The state covers an area of 72,609 sq kilometer with a population density of 57 people/square kilometer, and attracts immigrants from the Republic of Cameroon, Republic of Niger and Chad Republic. 26 The city of Maiduguri is composed of neighborhoods located in the inner city, Government Reserved Areas (GRA) and new layout areas that have a diversity of housing patterns and street characteristics. Consistent with high walkability neighborhood characteristics, 27 neighborhoods in the inner city in Maiduguri have a high concentration of multiple family residences, nonresidential land uses (small retail stores, shops, local markets, and places of worship) and streets with short block length with many alternative routes to destinations. Neighborhoods in the GRA and new layout areas are characterized by predominantly single family homes, few nonresidential land uses and streets with longer block length with fewer alternative routes to destinations, consistent with low walkability neighborhood features. 27 
Measures
Physical Activity Neighborhood Environment Scale (PANES). This 17-item instrument measures perceived attributes of the neighborhood environment hypothesized to be related to physical activity, particularly for transport and recreation. Neighborhood is defined as being within a 10-to 15-minute walk from home. Concepts assessed by PANES include residential density (1 item), access to destinations (3 items), pedestrian and bicycling facilities (4 items), recreational facilities (1 item), aesthetic qualities (1 item), social environment (1 item), street connectivity (1 item), traffic safety (2 items), crime safety (2 items), and household motor vehicles (1 item). With the exception of the residential density and household motor vehicle questions, items were rated on a 4-point Likert scales ranging from strongly disagree to strongly agree, as well as don't know or doesn't apply response option. Response options for the residential density question ranged from single-family detached homes to apartments or condos of more than 12 stories. The question on numbers of working motor vehicles in the household was open ended. The PANES is available at http://sallis.ucsd.edu.
Sociodemographic Characteristics. The following sociodemographics were obtained from each participant; age, gender, ethnicity, religion, marital status, monthly income and education and employment status. Employment was grouped into 3 categories: government employed, self-employed, or not employed (homemaker, student, retired, or unable to work). Height and weight were measured using standardized equipment. Body mass index (BMI) was calculated as body weight divided by the square of height (kg/m 2 ).
Procedure
The adaptation and reliability testing of PANES was undertaken in 4 phases: revisions by local experts, discussion with international expert, cognitive testing and test retest reliability. First, the original PANES was reviewed by 11 experts in Nigeria for adaptation, followed by another revision and subsequent discussion with an international expert who was part of the development of the scale. Next, a cognitive response test was implemented to check the clarity and relevance of PANES' questions in a small sample of volunteers from different socioeconomic backgrounds. A test-retest study was then conducted in a larger sample to assess the reliability of the modified questionnaire.
Adaptation and Revision by Local and International
Experts. The original version of PANES was sent to experienced experts with diverse backgrounds and knowledge about the local environment to gather their feedback and comments about its usability and appropriateness in Nigeria. The experts included public health scientists, geographers, urban planners, and housing and transportation directors (see Appendix). They were specifically instructed to identify items on the PANES questionnaire that they considered not relevant to the Nigerian environment, and to replace these items with culturally appropriate equivalents if possible. They were also instructed to suggest other relevant Nigerian environmental items that they thought are important for physical activity participation but not reflected on the PANES questionnaire. To guide the adaptation process, a uniform open-ended question was included after each item to prompt the experts to provide comments on the relevance and suitability of the item to the Nigerian environment. The experts worked independently.
The revisions from the Nigerian experts were harmonized into a single version and sent to an international expert who was part of the development process of the PANES questionnaire. The reason for consulting an international expert was to ensure that the underlying concepts assessed by the PANES questions were not compromised during the adaptation process. The principal investigator together with the international expert then discussed any particular adaptation problems until a final consensus was reached. At this stage, inputs were also considered from existing items on the recently developed European ALPHA questionnaire, 13 to guide the wording of some items on the modified PANES.
Cognitive Testing. Cognitive testing of the modified questionnaire was conducted among 7 volunteers from diverse backgrounds following the guidelines prescribed by the IPAQ core group (www.ipaq.ki.se). To encourage critical feedback of the questionnaire, the participants were informed that the PANES was originally developed in the United States of America and Australia to assess attributes of the neighborhood environment that are important for physical activity in developed countries. Each of the volunteers was separately interviewed by the principal investigator for their understanding of the words in the questionnaire, clarity of each item, and their suggestions for improvement. They were also asked to indicate if any question made them feel uncomfortable and if any relevant item in the Nigerian context was not included in the questionnaire. Questions that were not clear or difficult to understand were discussed with members of the research team (ALO, AYO, MMA) and rephrased to ensure correct interpretation.
Test-Retest Reliability. Reliability testing of the adapted questionnaire was conducted with a purposeful sample of women and men selected to ensure approximate distribution of participants from different neighborhood types (inner city and government reserved areas/new layout) and socioeconomic status (educational level and employment status). Participants for the reliability study were recruited directly from their homes and work places (eg, government and private establishments and local business shops) in 8 different neighborhoods (4 each in the inner city and government reserved areas/new layout) in Maiduguri city. Contact was attempted with 192 individuals (85 in the inner city and 107 in the government reserved areas/new layout). Among the individuals contacted in the inner city and government reserved areas/new layout neighborhoods, respectively, only 67 (78.8%) and 63 (63.6%) completed and provided usable test-retest survey. Participants were approached in their households or offices for study interest and eligibility. Eligibility criteria included 1) living within the identified neighborhood categories in the last 6 months, 2) being 20-65 years old, 3) not having any disability that prevented independent walking, and 4) being able and willing to complete a written survey in English language, which is the official language in Nigeria. To assess test-retest reliability, participants completed the PANES questionnaire twice in the presence of a researcher, with an interval of 1 week between administrations. Demographic characteristics were obtained on the first day of contact. All participants provided informed consent, and the study was approved by the ethics committee of the University of Maiduguri Teaching Hospital, Nigeria.
Statistical Analyses
Descriptive statistics were used for the sociodemographic characteristics. Differences between residents of the 2 neighborhood sites on demographics and perceived neighborhood environment were examined with independent samples t tests for continuous variables and with Chi-square tests for dichotomous variables. For construct validity, analysis of covariance (ANCOVA) tests adjusting for residents' age, sex, income, employment status, and educational level was used to analyze for neighborhood differences in perceived environmental attributes. The 1-way model single-measure intraclass correlation coefficient (ICC) along with 95% confidence interval (CI) was used to evaluate the test-retest reliability. ICC represents the proportion of total variance accounted for by the variability between rather than within respondents. Analysis for the test-retest reliability of each of the environmental variables was conducted overall and by gender. The agreement levels rating suggested by Landis and Koch-0.0-0.2 (poor), 0.2-0.4 (fair), 0.4-0.6 (moderate), 0.6-0.8 (substantial), and 0.8-1.0 (almost perfect)-was used to interpret the results. 22 When exploring the gender based reliability findings, only items that differed by at least 2 categories on the rating of Landis and Koch were considered as meaningful and discussed as such. Statistical analyses were performed with SPSS 15 (SPSS Inc, Chicago, Illinois).
Results
Experts' Revision
Most (72.7%, n = 8/11) of the Nigerian experts who participated in the adaptation process were male, 81.8% had more than 20 years of work experience, 45.5% had higher than bachelor's degrees, 45.5% worked at the university, and 55.5% worked in government or private sector. PANES items identified by the majority of Nigerian experts as not relevant in the Nigerian environment context were "how many motor vehicles in working order" (90.9%, n = 10/11), "there is so much traffic on the street making it difficult or unpleasant to ride bicycle in the neighborhood" (81.8%, n = 9/11), and "places for bicycling such as bike paths in and around the neighborhood are well maintained and unobstructed" (81.8%. n = 9/11). The experts suggested some modification to the wordings of all the items on the PANES, and recommended 2 additional items that focused on the influence of domestic animals such as dogs, cattle, and goats, and cleanliness of the neighborhood on physical activity (Table 1) .
Some further adaptations of the Nigerian experts' recommendations were made by the international expert. For instance, the examples suggested by the Nigerian experts for the only item on residential density "main types of housing in the neighborhood" were arranged without clear differences in density. The international expert suggested rearranging the housing types in ascending order to maintain the construct of residential density. One item pertaining to availability of bicycling facilities in the neighborhood and another that focused on the maintenance of places for bicycling were merged into a single item "It is convenient and safe to bicycle in or near my neighborhood" by the local experts. This new item was identified by the international expert not to be comparable to other questions on the PANES because it did not mention any specific facilities. Facilities could be irrelevant to the Nigerian experts because there are few or no special facilities for bicycling, such as marked lanes or separate paths in Nigeria. Combining all the input, the final version of the item focused on perception of safety from traffic while bicycling ("It could be safe to bicycle in or near my neighborhood because there is little traffic").
After modification by the Nigerian experts, 1 other item on pedestrian facilities ("the walk/foot pathways in my neighborhood are unobstructed and convenient [shaded with trees] to walk"), and 2 other safety items ("harsh weather conditions like high temperature, dust, haze, and sand storms makes it unsafe for me to go on walk during the day"; and "there is so much careless and aggressive driving on the streets in my neighborhood that it makes it difficult or unpleasant for me to walk") also lost the ability to measure the underlying concepts as meant by the theory and the developers of the original PANES. These items were modified by the international expert to fit into the original concept assessed by PANES and inputs were considered for their rephrasing for relevance to the Nigerian context following the procedures used in the development of the ALPHA questionnaire. All changes recommended by the international expert and the final items are detailed in Table 1 .
Cognitive Testing
The mean age of the 7 volunteers who participated in the cognitive testing of the modified PANES was 39.4 ± 9.7 years (range = 31-53 years). Four of the volunteers were male, lived in the inner city and were self-employed (small retail business owners). Two of them were employed by the government and 1 was a home maker. Most of the questions on the modified PANES were understood without confusion. The participants were comfortable with most of the items and indicated they were relevant environmental variables for physical activity in their neighborhoods. Nonapplicability of a question on "availability of separate pedestrian pathways on most streets" to local neighborhood situation was raised by 2 volunteers who lived in the inner city. They were however satisfied with the inclusion of "not applicable" response option provided for all items to resolve questions that may not be applicable in the local environments. Similar to the suggestion of the local experts, 1 of the volunteers also suggested adding a question on 'harsh weather condition,' but this item was not considered as part of the final items because it deals with a different construct than measured by PANES. All items on the adapted PANES-Nigeria (N) are included in Table 1 .
Test-Retest Reliability
One-hundred and thirty-two participants completed the test-retest survey. The mean age and body mass index of the participants were 36.8 ± 9.2 years and 26.8 ± 4.7 kg/ m 2 , respectively, and about half (48.9%) were overweight. Majority of the participants were male (60.4%), married (62.9%) and subscribed to the Islamic religion (79.5%). More than a quarter of the participants had primary education (30.3%), were employed by the government (34.1%) and earned less than 15,000 Naira (< 100 US Dollars) per month (32.6%). Characteristics of the participants are shown in Table 2 .
The test-retest reliability of the PANES-N was strong overall, with 11 of the 16 items demonstrating almost perfect agreement (ICC = 0.80-1.00) and the remaining 5 items demonstrating substantial levels of agreement (ICC = 0.60-0.80). The lowest value (ICC = 0.62) was recorded for the question on insecurity from crime and molestation during the night and the highest value (ICC = 1.00) was reported for main types of housing in the neighborhood. By gender, the ICC ranged from 0.43-1.00 for males and from 0.55-1.00 for females. Both males and females recorded the highest ICC on the residential density item, while an item on crime safety ("walking is dangerous during the night because of inadequate security from crime and molestation") and on social environment ("seeing many people in my neighborhood walking, jogging, playing sports, etc") demonstrated the lowest ICC among males and females, respectively. Meaningful gender differences were found for the question on social environment ("seeing many people being physically active"), with reliability meaningfully higher among males (ICC = 0.80) than females (ICC = 0.55). The reliability coefficient was however meaningfully higher among females (ICC = 0.81) than males (ICC = 0.43) for a question on crime safety ("walking is dangerous during the night because of inadequate security from crime and molestation"; Table 3 ). 
Construct Validity
Construct validity was investigated by studying the ability of the measure to discriminate between neighborhoods with dissimilar features as done in previous studies. 14, 28 There were significant differences by neighborhood type on 7 of the 16 items. Those residing in the inner city significantly perceived their neighborhoods as having higher residential density (P = .046), more shops, stores and markets to buy things within walking distance of home (P = .033) and perceived higher neighborhood insecurity from traffic (P = .008) and crime at night (P = .004) than residents in the GRA/new layout. However, participants in the GRA/new layout reported having more pedestrian pathways on most of the streets (P = .028) and better aesthetic qualities ["many beautiful things to look" (P = .003) and "absence of unattended domestic animals" (P = .010)]. There were no significant differences in the mean scores of items on social environment and street connectivity (Table 4) . Note. Scale scores ranged from 1-4 for all items with higher mean scores indicating a more favorable environment features, except for the Neighborhood safety items that were negatively worded (higher scores indicate less favorable environmental feature).
* Inner city > new layout/GRA; ** New layout/GRA > inner city. † Adjusted for age, sex, educational level, employment status, and income.
Discussion
This study described the adaptation of the Physical Activity Neighborhood Environment Scale in Nigeria (PANES-N) and evaluated the test-retest reliability and construct validity of the adapted version. Our findings strongly supported the test-retest reliability and construct validity of PANES-N and suggest that the measure could be useful for research and public health purposes in Africa.
Interesting cultural issues were identified during the adaptation process of PANES. Ten of the 17 items on the original PANES were retained, 4 were significantly modified, 3 were removed and 2 new items were incorporated.
One of the goals was to retain as many of the original constructs as possible, to enhance ability to compare findings across countries. Thus, there is a balance to be made between cross-country comparability and tailoring to the local context. Worthy of note is that constructs identified as not relevant were related to transportation (facilities for bicycling, traffic safety for bicycling, and number of motor vehicles in household), while those that were added were related to aesthetics (absence of garbage, stagnant water and offensive odor, and unattended domestic animals). It appears environmental measures from the developed nations may not be generalizable to Africa without adaptation. Developmental patterns, traditional ways of living and transportation infrastructures and habits are likely to be different in developing nations in Africa than in many parts of the world.
Another significant cultural lesson was in the modification of the item on recreational facilities. Parks were considered by the majority of Nigerian experts as less common compared with open spaces and public school play grounds for recreation in Nigeria. Unlike the developed countries where parks are common places for recreational physical activity, parks are commonly used for commercial/amusement purposes and mostly visited during public holidays for relaxation in Nigeria. Places like school play grounds, open spaces and sports centers were usually used for recreational activities in Nigeria, and these were recommended as important substitutes for "parks" by the local experts. However, "parks" was retained as one of several examples in the final wording of the item based on the recommendation of the international expert because items that are absent or rare may represent what could be future improvements. This cultural experience further suggests the complexities of adapting environmental measures constructed in a foreign culture into the local African environment.
The items on PANES-N had test-retest reliabilities that ranged from 0.62-1.00, suggesting a high level of consistency and very good psychometric performance. Items that assessed residential density ("the main type of housing in the neighborhood"), access to destinations (mixed land use; "many places such as shops, stores and markets to buy things are within walking distance of home"), and aesthetic qualities ("there are many beautiful things to look at while walking") demonstrated the highest reliability. Items on neighborhood safety, such as "inadequate security from crime and molestation make it dangerous to go on walk at night" and "walking is dangerous because of speed of traffic and aggressive driving," demonstrated lower reliability coefficients. Similar test-retest results have been reported in previous studies for the PANES, 22, 23 and other environmental survey measures. [29] [30] [31] Our results reaffirm the stability of questions pertaining to more objective features of the environment as aesthetic (trees, flowers, landscaping view, etc) and types of housing (residential, office buildings, apartments, etc) compared with subjective environmental features such as crime and safety that are easily influenced by time and events.
Construct validity of PANES-N was supported by findings that residents of the inner city had higher scores on residential density, access to destinations (proximity of shops, stores, etc to homes) and 2 items on neighborhood safety (insecurity from traffic and aggressive driving and inadequate security from crime at night). Not surprisingly, residents of neighborhoods in the GRA/ new layout reported more pedestrian facilities (availability of pedestrian pathways) and better aesthetic qualities, such as the neighborhood is generally free from unattended domestic animals, and garbage and offensive odors. This result was expected because GRA/new layout areas have substantially higher socioecoonomic status than inner city areas. Construct validity analyses suggested that the PANES-N was able to discriminate between environmental attributes between 2 different neighborhood types and was sensitive to environmental variations, albeit the evidence was limited to a single city in Nigeria. The ability of environmental scales to discriminate differences in environmental attributes across neighborhoods selected to be environmentally different provides strong support for the construct validity of the measures. 14, 28 Worth mentioning is that street connectivity, a major characteristic of neighborhood walkability in the United States 14 and Australia 28 was found not to be different between neighborhoods selected to vary in walkability in this African study. Perhaps, the concept of walkability is different across continents, suggesting the need to develop neighborhood walkability and/or activity-friendliness indexes unique to Africa based on empirical analysis.
Limitations
This study has some important limitations. The modest sample size from only 2 neighborhood types in Nigeria and the nonprobability nature of the sample may reduce generalizability. However, recruitment from 2 distinct neighborhood types and diverse workplaces allowed for a sample with reasonable heterogeneity in age, gender, educational level and income. Selecting samples from heterogeneous environments rather than selecting random samples from the general population can ensure sufficient variation in measures of the built environment. 32 Although adjusted for in the analyses, socioeconomic status (SES) remains a major confounder to our results. Due to the large differences in SES between residents of the 2 selected neighborhood types, it remains difficult to conclude from our findings that the environmental differences are independent of SES. In addition, the lack of objective environmental measures that could have served as the criterion for assessing the validity of the modified PANES-N constitutes a limitation. Previous studies have observed differences between objective and subjective environmental measures. 19, 33 However, the ability of the respondents in the 2 neighborhood types to perceive differences between environmental variables provided some evidence for construct validity of the adapted PANES-N items.
The systematic adaptation process was a strength of the study, as was the purposive sampling of participants to maximize environmental variability. The explicit goal of maintaining as many of the original constructs as possible while tailoring the measure to the Nigerian context was another strength.
Conclusion
A neighborhood environment survey with direct relevance to physical activity was systematically adapted from an internationally-validated measure for relevance in the African context. 8 Some original constructs were found not to be relevant for Nigeria, some were modified, and a few were added. The adapted PANES-N questionnaire demonstrated good to excellent test-retest reliability evidence in Nigeria. Items on the adapted PANES-N seem sensitive to environmental variations and appear promising for assessing environmental perceptions related to physical activity in Africa. Further testing is required to assess its applicability across Africa. Future studies should consider testing the adapted PANES-N with objective physical activity and environmental measures to determine its predictive and concurrent validity. 
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